CHARGING CIRCUIT IN UNINTERRUPTIBLE POWER SUPPLY SYSTEM 
FIELD OF THE INVENTION 

[0001] This invention relates to a charging circuit in an uninterruptible 
power supply system, and more particularly to a charging circuit in a 
line-interactive uninterruptible power supply system. 
BACKGROUND OF THE INVENTION 

[0002] For the line-interactive UPS (Uninterruptible Power Supply) 
system, there are generally three operation modes: on-line mode, back-up 
power mold and bypass mode. During the back-up mold, a battery will 
supply a voltage passing through an inverter to a load and the inverter will 
convert a DC voltage from the battery into an AC voltage. Please refer to Fig. 
2, which illustrates a conventional charging circuit in the line-interactive UPS 
system. During a normal operation (on-line mode), a relay 101 or a switch is 
electrically conducted by a main power 102 so as to directly output an AC 
voltage to a load (not shown). Then, when a controller detects an abnormal 
output of an AC line voltage, namely, the main power 102 is abnormal, the 
relay 101 or the switch will cut off the conduction thereof, and further, a 
battery 105 will provide a DC voltage, which can be converted into an AC 
voltage by an inverter 106. Therewith, the AC voltage is transformed by a 
transformer 107 for outputting. 

[0003] During the normal operation mode, the line-interactive UPS will 
directly output the AC output voltage from the main power 102 while the main 
power 102 simultaneously charges the battery through the transformer 107 and 
the inverter 106. In addition, the line-interactive UPS utilizes leakage 
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inductors of the transformer 107 to form a boost converter for charging the 
battery, whose details are disclosed in USPNo. 5,302,858. 
[0004] However, in this circuit, the two switching devices Q3 and Q4 
have to be controlled to be conducted so that the transformer 107 can be 
shorted in a specific duration for charging the leakage inductors of the 
transformer 107. When the conduction of the switching devices Q3 and Q4 is 
cut off, the leakage inductors will generate a current for maintaining and also 
charge the battery 105 through anti-parallel diodes. Therefore, according to 
the description above, it is obvious that the conventional line-interactive UPS 
needs a complex circuit for realizing the purpose of current control. 
[0005] Consequently, because of the technical defects described above, 
the applicant keeps on carving unflaggingly to develop a "charging circuit in 
uninterruptible power supply system" through wholehearted experience and 
research. 

SUMMARY OF THE INVENTION 

[0006] In accordance with one aspect of the present invention, a charging 
circuit in a back-up power system includes an output terminal electrically 
connected to a main power for providing an AC output voltage, a transformer 
having a secondary electrically connected to the output terminal, an electrical 
energy storage and supply device providing a DC current, an inverter having 
an output end electrically connected to a primary of the transformer and an 
input end electrically connected to the electrical energy storage and supply 
device and comprising four gate control switch devices to form a bridge 
switching device, wherein the four gate control switch devices respectively 
have an anti-parallel diode, a first diode having an anode electrically connected 
to one output terminal of the bridge switching device, a second diode having 
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an anode electrically connected to the other output terminal of the bridge 
switch device, and a charging switch device having a first conducting terminal 
electrically connected to a common cathode of the first and the second diodes 
and a second conducting terminal electrically connected to a negative electrode 
of the electrical energy storage and supply device so as to charge the electrical 
energy storage and supply device through a conduction and a cut-off of the 
charging switch device. 

[0007] Preferably, the electrical energy storage and supply device is a 
battery and the back-up power system is a line-interactive uninterruptible 
power supply system. 

[0008] Moreover, each gate control switch device is a power MOSFET 
and the anti-parallel diode is an intrinsic anti-parallel diode of the power 
MOSFET. 

[0009] Furthermore, the charging circuit further includes a fixed switch 
electrically connected between the main power and the output terminal for 
determining one of a conduction and a cut-off therebetween according to a 
control signal. 

[0010] In addition, the back-up power system further includes a current 
limiting resistor electrically connected with the charging switch device in 
series. 

[0011] In accordance with another aspect of the present invention, a 
charging circuit in a back-up power system includes an output terminal 
electrically connected to a main power for providing therefrom an AC output 
voltage, a transformer having a secondary electrically connected to the output 
terminal, an electrical energy storage and supply device providing a DC 
voltage, an inverter having an output end electrically connected to a primary of 
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the transformer and an input end electrically connected to the electrical energy 
storage and supply device and comprising four gate control switch devices to 
form a bridge switching device, wherein the gate control switch devices 
respectively have an anti-parallel diode, a bridge rectifier having an input end 
electrically connected to the output end of the inverter in parallel, and a 
charging switch device electrically connected to an output end of the bridge 
rectifier in parallel so as to charge the electrical energy storage and supply 
device through a conduction and a cut-off of the charging switch device. 
[0012] Preferably, the electrical energy storage and supply device is a 
battery and the back-up power system is a line-interactive uninterruptible 
power supply system. 

[0013] Meanwhile, each gate control switch device is a power MOSFET 
and the anti-parallel diode is an intrinsic anti-parallel diode of the power 
MOSFET. 

[0014] Furthermore, the charging circuit further includes a fixed switch 
electrically connected between the main power and the output terminal for 
determining one of a conduction and a cut-off therebetween according to a 
control signal. 

[0015] In addition, the back-up power system further includes a current 
limiting resistor electrically connected to the charge switch device in series. 
[0016] The above objects and advantages of the present invention will 
become more readily apparent to those ordinarily skilled in the art after 
reviewing the following detailed descriptions and accompanying drawings, in 
which: 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Fig. 1 is a schematic view showing a charging circuit of a 
conventional line-interactive UPS (Uninterruptible Power Supply) system; 
[0018] Fig. 2 is a schematic view showing a charging circuit of a 
line-interactive UPS system in a first preferred embodiment according to the 
present invention; and 

[0019] Fig. 3 is a schematic view showing a charging circuit of a 
line-interactive UPS system in a second preferred embodiment according to 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0020] The present invention will now be described more specifically 
with reference to the following embodiments. It is to be noted that the 
following descriptions of preferred embodiments of this invention are 
presented herein for purpose of illustration and description only; it is not 
intended to be exhaustive or to be limited to the precise form disclosed. 
[0021] One object of the present invention is to provide a charging circuit 
in a line-interactive UPS system which utilizes only one single control switch 
to realize a charge for a battery. 

[0022] Another object of the present invention is to provide a charging 

circuit in a line-interactive UPS system which utilizes one single switch to 

separate a charging path from an inverter path of the charging circuit in the 

UPS system and also employs a current limiting resistor for current control. 

[0023] Now, please refer to Fig. 2, which illustrates a schematic view of 

a charging circuit of a line-interactive UPS (Uninterruptible Power Supply) 

system in a first preferred embodiment according to the present invention. 

As shown in Fig. 2, a charging circuit in a line-interactive UPS system 
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includes output terminals 203 and 204, a transformer 207, a battery 205, an 
inverter 206, a first diode D5, a second diode D6 and a charging switch device 
Q5. The output terminals 203 and 204 are electrically connected to a main 
power 202 for providing an AC output voltage, a secondary of the transformer 
207 is electrically connected to the output terminals 203 and 204 and the 
battery 205 is employed to provide a DC voltage. Moreover, an output end of 
the inverter 206 is electrically connected to a primary of the transformer 207 
and an input end thereof is electrically connected to the battery 205, and the 
inverter 206 includes four gate control switch devices Ql, Q2, Q3, Q4 to form 
a bridge switching device, wherein the four gate control switch devices Ql, Q2, 
Q3, Q4 respectively have an anti-parallel diode Dl, D2, D3, D4. 
Furthermore, an anode of the first diode D5 is electrically connected to one 
output end of the bridge switching device and an anode of a second diode D6 
is electrically connected to the other output end of the bridge switch device. 
Then, a first conducting end of the charging switch device Q5 is electrically 
connected to a common cathode of the first and the second diodes D5, D6 and 
a second conducting end thereof is electrically connected to a negative 
electrode of the battery 205 so that the charge of the battery 205 can be 
controlled through a conduction and a cut-off of the charging switch device 
Q5. 

[0024] Meanwhile, the gate control switch device can be a power 
MOSFET and the anti-parallel diode can be an intrinsic anti-parallel diode of 
the power MOSFET. And, the charging circuit in the line-interactive UPS 
can further include a fixed switch 201 to be connected between the main 
power 202 and the output terminal 203 for determining a conduction or a 

cut-off therebetween according to a control signal. 
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[0025] Also, the charging circuit in the line-interactive UPS system 
further includes a current limiting resistor Rl electrically connected with the 
charging switch device Q5 in series. 

[0026] When the line-interactive UPS system is normally provided by a 
utility electricity, the operation principle of the charging circuit is: 
[0027] When the charging switch device Q5 is conducted during a 
positive half cycle of the main power 202, the first diode D5 and the 
anti-parallel diode D3 are conducted for shorting the transformer 207 in a 
specific duration so as to charge the leakage inductor 208 of the transformer 
207. When the conduction of the charging switch device Q5 is cut off, the 
leakage inductor 208 will generate a current for maintaining a continuous 
current flow to charge the battery 205 through the anti-parallel diodes D2, D3. 
[0028] When the charging switch device Q5 is conducted during a 
negative half cycle of the main power 202, the second diode D6 and the 
anti-parallel diode D4 are conducted for shorting the transformer 207 in a 
specific duration so as to charge the leakage inductor 208 of the transformer 
207. When the conduction of the charging switch device Q5 is cut off, the 
leakage inductor 208 will generate a current for maintaining a continuous 
current flow to charge the battery 205 through the anti-parallel diodes Dl, D4. 
[0029] In this preferred embodiment, a value of the current limiting 
resistor Rl can be easily designed to limit the magnitude of the charging 
current. 

[0030] Please refer to Fig. 3, which illustrates a schematic view of a 

charging circuit of a line-interactive UPS (Uninterruptible Power Supply) 

system in a second preferred embodiment according to the present invention. 

As shown in Fig. 3, a charging circuit in a line-interactive UPS system 
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includes output terminals 303 and 304, a transformer 307, a battery 305, an 
inverter 306, a bridge rectifier 309 and a charging switch device Q5. The 
output terminals 303 and 304 are electrically connected to a main power 302 
for providing an AC output voltage, a secondary of the transformer 307 is 
electrically connected to the output terminals 303 and 304 and the battery 305 
is employed to provide a DC voltage. Moreover, an output end of the 
inverter 306 is electrically connected to a primary of the transformer 307 and 
an input end thereof is electrically connected to the battery 305, and the 
inverter 306 includes four gate control switch devices Ql, Q2, Q3, Q4 to form 
a bridge switching device, wherein the four gate control switch devices Ql, Q2, 
Q3, Q4 respectively have an anti-parallel diode Dl, D2, D3, D4. 
Furthermore, an input end of the bridge rectifier 309 is electrically connected 
to the output end of the inverter 306 in parallel, and the charging switch device 
Q5 is electrically connected to an output end of the bridge rectifier 309 in 
parallel so that the charge of the battery 305 can be controlled through a 
conduction and a cut-off of the charging switch device Q5. Meanwhile, each 
gate control switch device Ql, Q2, Q3, Q4 can be a power MOSFET and each 
anti-parallel diode Dl, D2, D3, D4 can be an intrinsic anti-parallel diode of the 
power MOSFET. And, the charging circuit in the line-interactive UPS 
system can further include a fixed switch 301 to be connected between the 
main power 302 and the output terminal 303 for determining a conduction or a 
cut-off therebetween according to a control signal. 

[0031] When the line-interactive UPS system is normally provided by a 
utility electricity, the operation principle of the charging circuit is: 
[0032] When the charging switch device Q5 is conducted during a 
positive half cycle of the main power 302, the diodes D7 and D8 of the bridge 
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rectifier 309 are conducted for shorting the transformer 307 in a specific 
duration so as to charge the leakage inductor 308 of the transformer 307. 
When the conduction of the charging switch device Q5 is cut off, the leakage 
inductor 308 will generate a current for maintaining a continuous current flow 
to charge the battery 305 through the anti-parallel diodes D2, D3. 
[0033] When the charging switch device Q5 is conducted during a 
negative half cycle of the main power 302, the diodes D6 and D9 of the bridge 
rectifier 309 are conducted for shorting the transformer 307 in a specific 
duration so as to charge the leakage inductor 308 of the transformer 307. 
When the conduction of the charging switch device Q5 is cut off, the leakage 
inductor 308 will generate a current for maintaining a continuous current flow 
to charge the battery 305 through the anti-parallel diodes Dl, D4. 
[0034] In this preferred embodiment, a current limiting resistor Rl is 
electrically connected with the charging switch device Q5 in series and a value 
of the current limiting resistor Rl can be easily designed to limit the 
magnitude of the charging current. 

[0035] In view of the aforesaid, the present invention provides a charging 
circuit in a line-interactive uninterruptible power supply system. The 
charging circuit according to the present invention utilizes only one single 
control switch for realizing a charge of a battery in the line-interactive UPS 
system. Moreover, the charging circuit according to the present invention 
simply employs the single switch to separate a charging path from an inverter 
path and also utilizes a current limiting resistor to control the current. 
Consequently, the present invention is really a novel and progressive creation 
and conforms to the demand of the industry. 
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[0036] While the invention has been described in terms of what is 
presently considered to be the most practical and preferred embodiments, it is 
to be understood that the invention needs not be limited to the disclosed 
embodiment. On the contrary, it is intended to cover various modifications 
and similar arrangements included within the spirit and scope of the appended 
claims which are to be accorded with the broadest interpretation so as to 
encompass all such modifications and similar structures. 


10 


